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mm^] mmm 

U ^ ^fe^ X ^ ^y >^ ^ . 

K CD ^ j2.t^ X 5" ^y i: . 

m^Uil^X. ^^y mttM#aiiJ®^*i5:^m'r€>X5^^yy^, 
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f tfffaxtf> K;i/^-^®llI^ia[$: f r i: UT, f c < f r O^-^li, ffflS 

^mm^ji7&mmmo)^m<D}^- ^ mf3->^ c d - f c/f r) x i s o] " 

(fc/fr-l) xi80]° ;fel■j•si^:t'^g$:-9--3^<^^y ^'CDft^jii^f^r^ 
"5 3 21 i: -r -5 >f X 7 T -r ;u^g ® s T w^iSo 
[»^^3] »^^i ^c|a«(Z)7'^x^7T-f;l/^g®STw^^£^cfev^ 

T, SIC, 

IfrlH X If > f;i/ ^ - ^ ® ni^ijc ^ m -5 X 5^ ^ i: , 

talB^^y F®^g^^?)«^$:»^i2,^:^t«lam^iS:©^^y^^&|sIl:^^y FT- 

f c, t&lHXtf> F;i/^-^©ia^iS:$: f r t LT, f c<f r latB 

^mm^jt7^mmm<Dmm<D\^-^mi)^^ c d - f c/f r) x 1 8 o] ° m-f 
(fc/fr-i) xiso]" mTM/u-^i^m^'^-'^h'y^y ^(Dm^ji^^m 

STW:&^o 
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JSi 1^ (D :^ 7^ -i:^ 5: ^ y ^ 1± X ^ >^ i: & # X ^ 3 i: S: # ^ ^1 1" e >r 

g& ^ -5 :^ 5=- i: S: 
^ m "T -5 ^y >^ i: 

S>?.5^^y ^^cfev^r, tuga#TO^3^MMcD^*S®l^-^ffifCfelt^«l&iS[$: 
f c, Bffsaxt:°> F;P^-^CD©^iS[$: f r i:bT. f c < f r (D^-^-li, tufa 

#lHIm^^M^l&a)^^a®e-^^'fa;^)^?J c (i-fc/fr) xiso] ° T^t-t 

(fc/fr-l)xi80]° :^^•^^i^^'^tt^i^--3^?h^^y 

tuia-b-- h ^ ^y IctrfiaWIS ^y -zTiS^. ^WM h'^-j^<Dot> 

^^y^i:, z:«)X>?ri;a.-;i/lctieoTtffia«iS[©-9--/J^>^^y ^ic/\^y K(Z)^S 
^«b«fg t^ >t ^ ^y 3 i: ^ #^ i: -r 7^ >r ^ ^ 7 T >r ;i/^«<^ 

c»#^ 6 ] m^m 1 icsa«® T^-i" :^ T >r jvmmo^ s t w:^?£icfevN 
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^72^t.tit=.\/-y5;k^(Dmpf^iz.. 1 h^y^^(D^^y ]^(D^m^!^mm.^m^72< 

f c, trftBXl^^ K;i/^-^©llI^iS[$: f r ^bT, f c<fr®#-^«, t«SS 
#l«Ii3^ja^^i&©fe*g(Z)lf-^M*^^ [(l-fc/fr)xi80]°^l-j- 

mtir=.^m^'^}'-:^h^yi^<Dm^7h^mt^^niii^. f c>f r cD^^it. c 
(fc/fr-i) xiso]" r£irM/otd^m^V"-:^h^yi7(Dm^32<^m 

y^<Dmmmmt^:i^^fjt< t^m^. ^(D^>(::^^mi^<^mmmKitmm.o^ 

mlcM1-SPJ^C^^^#-5>?i[W^$:mo d ^bfei:^, g|g?-rS-!?--3K h ^ ^y ^ 
X. ^n(i) = (n(i-l) +mfr/fc ) mod m^mt^ir X O ^^^^^0^ 



ffllE4t^ 11-3057056 
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<1 



K(Z)^il^^l&^i|i$:#m-r§X7=-^y^^> 
f -5 ^ -r ^ > t>*igifiS S: -r -5 X ^ ^y >^ , 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 
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• ^-r h (STW) ill^li^xSc cfcoT, SA^. mmh^V^lZ'*)--:^h^y^ 
?:»^5Atfg&#S: S TW^Sa-To 
[0 0 0 4] 

m^cD^r^ :^^^mz^i-f^sT'wx},t.. ^■r> ^^-rj^^^^s^m^ (de) 

[0 0 0 5] 

3^tCj:oT7'>fX^^ ^#:_h $:#l&-r -5 © T% r ® >^ >y If > ® ^g&3»S*'^^ 

[0 0 0 6] 

[«e5Kc?)S^^] 

HI 1 ttl^^v^-r' X ^ X ^ 2 ®±(?)|ait b ^ ^y T i: -fe ^ ^5? S <Z) 
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^nrfeU, ^iz^ ii0mmh'yy^T(D^miZV-':^\/-yi>mn^tlX\>^^ 
[0 0 0 7] 

ig2(a) lt'*)--M/-^i(-ym^t:m-r^<DX$>V. ® 2 {C^$4x-5-y--3i^V\°^ 
->l±2fe^-9--/K/t^->cz)-MT'fe-5o zi(Z)2^;m-9-->i<>'l^->li, ^# 

-9--3j^M-^?:^M-r'5=fo©'efe-5o 02(a) ®i?f 6 K 5:^ LT U , ^ 

#(ii-l), n, (n+1), (n+ 2) li|H#h^^y ^^#-^§:^LTVAS. 
t7^, EI2(b) ^ir(Z)2M■b--#^^°^->^c<fc-5/\^y K6 A^ej®m;^?^^J^$:^-r 
t;(3D"e^»;> A-B*'^02(a) (D A - B e> tlSMJ^T^^ ^ , C-Bi)m 

2(a) (DC-D^;^)^?>#eJt^S?^^?^^^bTV^S„ 
[0 0 0 8] 

S TWm^^H LTli, T^^f X^'^^t:2lC-y--3K>'\°^->S:^^bT 1M4>»^ 
^i^7?SB»^^^y ^T^rJ^^^bfc^. ^^y K6 S:#7^|pIic#l&$-&, ^^(D^^^-Ji^ 
J^Si-y^m^Thti^miZ&U^^i^-t^o :i<D^-z>iz. "r^y^^mW^KlM^ 

(D^v ^(D^u^i^mn^m^Th/vx^tm h ^ ^y ^ t ^mm-t^ii^^oi^m^ 

m^JMhx. T^'-r 7.^^#:2 0D^®^c■^^-/^f7^°^->S:»^3i^Tn^^. ^mm 

h ^ ^y ^ T S ->(D»^^«?)^MJCMLT«. tS^JlSli 

, f'-f ;^^^#:2/\(Z)-9--/KA^->®»^ji^^l8SbT-9--3K h^^y ^'C^*^ 
[0 0 0 9] 
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0 3 (a), ih)itm^(D7'^ ^^mm^-*)'-'^<h'^y^^m^72itimir^^-t^ 

[0 0 10] 
[0 0 1 1] 

b^V^^gi& (NRRO : Non-Repeatable RunOut (Xlf > F;i/IlI^#^lBj»3igi&) 
[0 0 12] 

M^tf, ^*^yfifr^ (asfi^^H) ^mv^;t^^f > K;i/=E-^ctt, :x.bf>K 

(i, >^t:°> K;^^-^^^DIlI^M»i^c|^»IL^v^igi^f■^:^ /\^y F(Z)fe«^«)T'l±N 
RRO^ LTM^$n<5=b(Z)T'feSo :^ fcf > F;i/lil^#^[^»!5*^igi&ii. :^fcf> 

[0 0 13] 

> F;i/^-^?(^)im^iS[|Hl^-e-!t-7}?h^^y ^® lM:$>©«^Ji^^i:^^y F^i&& 

^ u ^-r i*, #^(^tH^ F ^ ^ jiT' » ^ ii*^ }L mr.^. ® ra 1^1 
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:7.^mn-eit. •9--;J<h^>y ^lc#LTli, \^^^u-X\^jv-^m 

izi5n^mmmm^^<7)-m^m4:{^), w izm-t„ 04(a) 'Vitmm(Dm&. 
*'5dBT'^y, Ei4(b) x^i,tmm(D$^^t)^mmv^^. tn^o^mij^^^i^^^^ 
oiz^ »^^i^tlTv^-5^>T^ h(Dmmii>'^'t(Dt.^mn-^n^(Dti^m2 son 

[0014] 

1115(a) , (b) ttXtf> K;i/tHlSMigi& (RRO : Repeatable Runout)©^ 
^(Diz/NZ^^^mm^ (Position Error SignalrPES) (D#lJl^$:JttcbT 

[0 0 15] 

3^^;^"extf> Y)\ymmz^nmrj^w^m.mm'^iL vx-&\'f ht\,^o>\tm^\zn 
m-t^mmx-$>^. m^\t. 7.\^y\^)v=^-'i)^(D^m^\zmm-t^<tmmw}fc 

[0 0 16] 

fc= fr/2X (1 + d/D* cos a) 

tf> Y}\^mm.\zimmrj^T^mmm^6^is^mm<D^-Tf^v ^ >y ^ 
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[0 0 1 7] 

tfflH'»# 5: » ^ X 7^ ^y ^ 5: <5 r ii S o 
[0 0 18] 

^=^m-t-5X5^^y:/^, 3iS©S TW^^lCJ;oTBiflH7'-i' Xi7^fls{c^i;?)m^ 

«?)«#^«^^i^^'m^iS:(Z)^•^^y ^$:I^D^^y Fr^M^^^ffibr. ^^y F^S-fS 
-^ffiij®^^a$:^m-r-5.X^^y ^>y F^e«#m;^J(Z)fi*Si:#llli3^^^ 

mmo&mo&nm^m^-^^^^y^^n^m^. ^-^-^ f ^ >y ^ om^ft^f^ 
iiLT, f c<f r®«-^ii, imm^jtmmmm<D&.^(D\f-'^mf}-^^ c d- 

fc/fr)xi80]° ^^^tM4^fefi^g$:■^^-IKF^^y 

^ L, f c > f r c (fc/fr-1) X180] " rd\rM/vr=.^n 



1 0 
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[0 0 19] 

If > K;i/^-^c^iii«iS[^ f r UT, f c < f r (7)«-^ij:, 0mm^£jimmW} 

(Dmm(D\f~^mi)^^ [(l-fc/fr) XISO]" fc'J-j-3gtlfe^e$:i?— 

mh^v^(Dm^^^mft^^mt.L. fc>fv<Dm^it. ccfc/fr-i 
) X180) ° i^iTMAjM^m^'^-^h^v ^(Dm^7i.^m^&mtv. 

h ^ ^ lC'W#$:»^^t?:^7^ >^*^ ^12^ h ^ ^y <Z) t.©'»$g&«^ji 
tJ^i§[® h^^y ^:$^(Z)#^«^3i»x>?ri;>'a.-;v$:5iTS;^5^^y Z.(D7.>r 

^y:/i:^-^tf:ii:lc^^o 

[0 0 2 0] 

S TW^^tC J: o Tt'^' ;^ ^^#:lC^«?)m^llt«) h ^ ^y ^'^J)'©^ K®f5Lg 
9^«>W^$:»#^it^::^7^>y ^JeJll^®:^^^y ^5:^ y ii:$-&'&:^7^^y 

[0 0 2 1] 
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-fc/fr) X18 0] ° r=:vfmnt:L^n^'^-^h^v^<Dm^^^m^& 

mth. f c>f r<Dm^it. [(fc/fr-l)Xl8 0]° t£^rM^t=:m. 

h ^ ^y ^ JC/\ ^y F®^g^«?)«#$:»^iitJX^ ^y ^i: $:^tf 3 i: L 
[0 0 2 2] 

(Z)|g3©^^y FtCcfcU, ^W'X^^^^ilsOSTWSr^f ^l/->iiy l/'>X'fB-^ 

^^it^>^^y y^il> ^^y F(Z)fi^S^^i?)M?:»^ii^:eh^^y^$:, HSO^^y 
FT^a^m-rx7"^y-^i:$:^g;^, ;^fcf> F;i/^- ^ cDmtS:ic#|wi»l>&m^igl& 
$:^mi-<5X7^^y ^^^'i, HSCD^^y F-C^*mL.:/^^^y F^«M#®fe*i$:^m 
•r-5^i:icj:y, ^mil^3S^«i&S:^mi-'&^^^y:^?:^^. ^ ^y 

ia«llS[$:f r iibT, fc<f r®^-^li, ^M^jt^g^gfO^+g© ^^-fit 
[ (1-fc/fr) X180] 1^\TMt\r=.^m.^'^~Tf^V'y V ^ (Dm^ 
rL^mm^UH b, f c > f r <Dm^\%. C (fc/fr-l) X180] " fz. 

[0 0 2 3] 
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>J<i2^^##5:n (i) , ^^(7)|ScMmJC^t- 
$:mo d iibT^i:^, glM-r€>1J--3Kh9^y ^^-e, ^n(i) = (n(i-l) +nifr 
/fc ) mod m-^mt^-t ^0\Z^i^m'&Wi<Dh'^V ^^(O^V K^fegS^^ftW^® 

[0 0 2 4] 



1 3 
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[0 0 2 5] 

, T^^f X^7T>r;i/^g2 0 ^®«^6^^g?^$:i:§zi:t^i7^^Mtf>3 8 (Dig 
i&m«110, -BtX^^^^) vV^(J>^m.^^\^y (y^y>>3.tr» 45<Z)|gifta 
^ 1 2 0 5?)'5fe§„ Z.(iym\Z\X^-i!^Y=yV^'y>{ ^2,Q»\Z^^)¥iViht\.^ 

:7T^;b^S2 0 ^Ci3V^T, 2 »5^>r 3 l±^^ X 2 

[0 0 2 6] 

y 7r l/>:^'\^y K3 5 T-A3 5A, ^©3 5 6, :S:tJf^»;# 3 5 C 
0 1 ^C'ggi#$tlTV^So #t!r^3 5Cl«»ra«i O 0lCi:o 

(3D-'^aPJClj:^ft3 5 B:&^g§|g$4xT33y. ^tftS 5 B©]I®tCT-A3 5 A© 
SfP*^^*;#t-^ e>nT^3y, T-A3 5 A^^fe^gpCU K3 S^'^ 

^^;#^•t^4^T^^e= T-A3 5 A{i^tt3 5 B {CM L/T^^^ RTIgfCi^t »J 'fit ti" b 

[0 0 2 7] 

-9--7}<b^^y iJ^^-r ^ 3 0 {C^3J-t-5fi5:g^i?)lf>4 h(DmWiWm \ 2 0 li. 0 
6{c^$ti-5J;e)C. ^^'W- X^7T-r;L'^S2 0®:^r-^U i^^5 Sr^S^ibfcf^ 
4 5 1C j:oTJSgi&-r'5%(5!)-efe-2>= -feg^^i?) tf >(Z)l|gma# 1 2 0 ti, 
&)ify4 bTb'^— SSg{cg§^^ti:tx>r>yT-A 1 2 l. ::^-r >^*T- AOia^lft 
1 2 2, m^ffil 2 2<DMlcSgit^>tl}t2o(DjKM^^- 1 2 3, 1 2 4, 1/ 
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-if^(Z)#§^^gl 2 5, L/-if^<D^^|^Sl 2 6, U-'fyt^Z-oiZ^m-t 
§A-:7^^-127, ]kXJ^2^<D^m^'y- 1 2 8, 129*^fe^„ 
[0 0 2 8] 

l/--!f^®|§^^fil 2 5*^b|§J|^$tl^l^-if3^^i, /N-^'^^- 1 2 7T' 
2;?|BjlC:$i)'m$tl'T-:J?l*^(7)*^::^-<>^*r-A 1 2 1±®SM^^- 12 4 
ICMU, ffi^liiRM^^-l 2 8"e;5MbTX-r>^T-i^ 1 2 lJl(D;5IJ^^ 
-12 3 ICMSo Mlif^^- 12 3 T'Mi*bfel^-if^li;RM^^- 1 2 8 

-7^^-12 7T';5J|fbTi/--!f^(Z)^3^|gff 1 2 etcsi^b. ^M^^- 1 

2 4T'Mlifbfel/— 1 2 9X-KMhXly—^yt(D^^mmil 2 
6 fCjrjM-rSc 
[0 0 2 9] 

l/-if^®S^^Sl 2 6li, H«^^-1 2 3, 1 2 4T^MI*$ti:tl/--»f 

, 'eigS^«?)tf>®l^mm^l 2 0tcM^M#^ffi:^L.T^e^«?)lf>4 
[0 0 3 0] 

JiJCi?-- ;J<h^^y ^^*^/s^y K6 IcjcoT^^ii^ti-Sil^lc, U v'Tl^^X^^y 
K3 5lCj:oT7-V:^^^«i:2©«:^MilJlC^n^y ^M#*^»^3i*tlSo i^- 

[0 0 3 1] 

07(a) lc^-rJ;-^{C, /\^y KtCj;tJ7'-<X^^#:2®OT'^-rfii 

\^^m^. I^V^^±, ^^y K*^v=>r X^^#: 2 (^^vi>lir^lCjitJetT^l&-r "5 J: -5 
^C^J^^$tlTV^fe^-a■^c^i, -9-->Kh^^y ^^(^»^3i^Si^7^.^,T'^^y 



1 5 
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[0 0 3 2] 

®7(b) tt7=^>^.^7^^2;b^IlI^LTV>S^lC, 7.i7m<^2.(Dm^mmiz 

0mm(Dmmmmi)mt>^r^m^(D. \^<Dmmh^v^i3^^(D-rtiA(Dmt 

M i: ^ o T ^ tl -5 ® T ^ -5 o 
[0 0 3 3] 

7(b) {C2o©«^i2.^M$:^-ri:e)lc, i?— ^> ^ ^ ©«^iA^gg*&^,^,0 
[0 0 3 4] 

^mmiz^:^mti i^yyr^h) *'«sin(2 7rfct)ic?^si:t--5= m^i^&)mm^ 
tt-t^ii. -m^<D^Mit t+i/fr x:^^f}--^, m^Ti^^mt^ mr) j^.v<d 
mmitPAr<Dmv tfj^^ mmop : a) „ 

[0 0 3 5] 

A {sin(2 Tcfct + 2 5r fc/fr)-sin(2 TT fct ) } 



1 6 
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= 2 Asin(7rfc/fr)cos(;r fc/fr+ 2 nfct ) 
J:oT. <-tSlCli, cos(7rfc/fr+ 2 TTfct ) = 0 (D^M. fiP^^ 

, (n-1/2) =fc/fT+2fcti^^^nt:mWitVXt = (n-1/2) /2 

fc^c»^M4?)S(Z);{)^av^„ ot*;. i/2icmm imm^=2ic) mz^\^wn 

[0 0 3 6] 

ia^MMi5t2fctcTO$-&-5fe*?)jc«, > }^j\y=^-it<Dm^(^mmm^mm 

vr£ti^^ s TW•m^«v^o 

tt> F'eM:t$a^»iS[fccD^>T't7 h(Z)if-^'fii:«)>p>, At= ( l /f c- 
l/fr) /2^l-t5gnfeNFM-e^<g>o -e^SilLTli (1-fc/fr) XI 80" (D 

M^X, BPt., (fc/fr-l) XI 80° (Dm^ttjt^. 
[0 0 3 7] 

(Dbf-^ffiTb^^ (1/fc-l/fr) /2 7£l-tiltlfcfi^«7b^e>, if-Jj^'h^y^'® 
»^ii*^^l§^&t-4^^«^^3i:^c^§. ro^fij&^EI 7 (b) ©£M<7)»^ji^M 

-l/fr) /2fc'ttMtlfc€^«i:^y, r<^^«*^|gl7 (b) 
[0 0 3 8] 

(Diii^iscfr= 7 0 Hz, ^xk^mmmfc= 4 2 H z <Dm^. ^jkmmmti^^-'^mt. 
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mmw.mmmt(D&mm^^H^vxi5<o ^lt, rcD^+iMi: (i-fc/fr) 

XI 80° ®514x$:#i«LT-9--7Kh^^y ^J^cO^^^^&b^fiS^ffi&^^-t-So 3® 
[0 0 3 9] 

[0 0 4 0] 

tji\f^m^<DmMmiz'D\/^xmm't^. 
im 1 (Dmmm:\ 

[0 0 4 1] 

®8^cfev^T, 2 oiiiii6T^ii^bfeif-5Kh^>y ^^-r^ 3 otc:^M#^-te> 



1 8 
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^■vU ^ye>'5&Sg^&•t•g>VCM4)^)^t8^■j■^tlTV^-5„ Hi OHiSM'eid:, -r^rx 

Mm:^35:«^mb, ^}iimtj^m^ii§2 2izAi3t^. 

[0 0 4 2] 

?i!i^^2 2xit. mmmmizmm^nt^inmmtfiiJ^^<D^mmtnzm^^^r 

m.M-mW:2 sizxij^ti^o tfc, 7^>r >'T>f;i'^e2 O(Z)0#:2 1 (cli. 

[0 04 3] 

mnmm2 3 itAi:3-^n^4¥mm(Dmmmm f c i:xt°>F;i/^-^5r3®iii^ 

iSCf rlzm^\,^X-^'-:^h^y ^0)m^7h^^m^^^0. r;^X$:STWaa2 
4 {C'e;tS„ STWMS2 4 li?^^^fi 2 3 *^ ©it- ^ h ^ >y (D»^ii^^ 

Wjf c^m^m<^^mM.My^ (A>KA>^:7^;i/^ : bpf) 
LrMfc:7-y n:^^ (dft) mz^v&m^^^^^^^n^-^mx&^o 

[0044] 



1 9 
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[0 0 4 5] 

xmm-t^o 

[0 0 4 6] 

<D\f-^m(D^^i}^^ (l-fc/fr) XI 80° rdiTMnr^&.U (fc<fr(Z)#-^ 
[0 0 4 7] 

^y^'x-^-^h'^v ^m^T^^^nz). i¥mm^mmmi cizMvx^iz 
, ^mmizmmmtf7<Diii±f<D^mm7&mmmf c<D^m^^aL^y i^-t^r^ifx 

[0 04 8] 

3r"e> immmmmmf o t.vxm^(D^^m.mmK^^^x^mvx^^o m 

^it. ^tf> F;i/^-^ 3(^ia«iS:f r = 7 OHz, f c = 4 3 

Hz m^<D^1&mm) <Dm^. ■ttl^etKD l mM^mm^.Smsec^ 23.3msecT' 
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'^jK^mt^ my) .^.vo^i^m^mm-t^^mnj^^^cDX'. ii.Tmsecp^pii:^^ 
\^^mmmti^ 9 msecje^p^T^^tiii, 0mmmmmmo) 1 mmmmx s tws: 
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